NMR spectroscopic methodologies used to characterize and elucidate the structure of the marine natural product elatenyne were also applied to the characterization of a new triazole structural derivative of elatenyne, obtained by "Click" chemistry. The two most probable relative configurations assigned to naturally occurring elatenyne were concluded on the basis of key single irradiation nOe NMR enhancements, in combination with the use of a variant of the HSQC NMR experiment that permitted NMR coupling constants to be measured for the overlapped ring junction protons. This study represents the first application of "Click" chemistry to chemically derivatize an unmodified natural product.
Elatenyne was first reported in 1986 from the marine red alga, Laurencia elata and the structure was originally assigned as having a pyrano [3,2-b] pyran (1) (Figure 1 ) carbon skeleton on the basis of a detailed spectroscopic investigation [1] . In 2006 the pyrano [3,2-b] pyran (1) structure was successfully synthesized and the NMR data found to differ from the natural product. Further investigations of synthetic model compounds ultimately supported the correct structure of elatenyne as possessing the 2,2'-bifuranyl structure (2) (Figure 1 ) [2, 3] . The structure of elatenyne consists of six stereocentres (Figure 1 ), giving a total of thirty-two possible diastereoisomers. To date, computational methods have been used to establish which of these possible diastereoisomers would be the closest match to the NMR data. The use of these GIAO 13 C NMR calculations concluded that the four most likely diastereoisomers (3-6) of elatenyne were those depicted in Figure 1 with compound 3 deemed to be the most likely structure of elatenyne [4] . (3) (4) (5) (6) as concluded by GIAO 13 C NMR calculations [4] .
In addition to the use of computational methods, total synthesis of the revised structure of elatenyne (2) was undertaken to establish which of the four proposed diastereoisomers corresponded to the most probable structure of elatenyne. Two separate syntheses were successful in obtaining elatenyne, but the absolute configuration could only be proposed as that depicted in compound 3 [5] .
The Marine and Terrestrial Natural Product (MATNAP) research group at RMIT University recently published results from an investigation conducted on the Australian red alga Laurencia elata [6] . In this study chemical profiling of the crude extract employing HPLC-NMR and subsequent off-line isolation resulted in the isolation of five chemical constituents, one of which was elatenyne [6] . At that time an attempt to address the relative configuration of elatenyne was undertaken and two diastereoisomers (6 and 7) were proposed ( Figures 1 and 2 ) [6] . One of these (6) was in accordance with one of the four concluded on the basis of GIAO 13 C NMR calculations. The other diastereoisomer (7) was tentatively proposed on the basis of single irradiation nOe NMR enhancements and by comparison of the 1 H NMR data and coupling constants with a structurally related natural product, notoryne (8) (Figure 2 ), whose absolute configuration had been established [7] . Elatenyne was isolated as an unstable, colorless oil which darkened over time. In the first report of the isolation and structure determination of elatenyne, a specific rotation of +19° was recorded at the sodium wavelength 589 nm [1] . The NMR and mass spectrometric data for elatenyne isolated in our study was identical to that previously published, except that a specific optical rotation of -10° was recorded at the sodium wavelength 589 nm. This anomaly had also been noted by Burton and co-workers in their studies of elatenyne [3, 5] . Given the small specific rotation displayed by elatenyne, minor contaminants present and/or operator/instrumental error could easily affect the final measurement. In our study of elatenyne the specific rotation was also recorded at a number of Hg wavelengths (365, 405, 436 and 546 nm), but only the 365 nm wavelength resulted in a measurable specific rotation of -20°. The specific rotations obtained for elatenyne in our study were in close agreement and in accordance with those recently reported for synthetic elatenyne (-10° at 365 nm) [5] .
In an effort to deduce the relative configuration of elatenyne, our previous investigations involved conducting a series of single irradiation 1D nOe NMR experiments in CDCl 3 [6] . Despite proposing two likely diastereoisomers for elatenyne (6 and 7) (Figures 1 and 2 ), this study was by no means conclusive due to the poor resolution observed for some of the signals [6] . In an attempt to obtain improved resolution of the 1 H NMR signals, a range of NMR solvents were explored to determine which would offer the greatest signal dispersion and coupling information. These NMR solvents included CDCl 3 , C 6 D 6 , CD 3 OD, DMSO-d 6 and acetone-d 6 . It was evident that C 6 D 6 (Table 1) and DMSO-d 6 provided the best resolution in the upfield region of the 1 H NMR spectrum. Only specific protons of interest were irradiated in the single irradiation nOe NMR experiments conducted in these two NMR solvents. In an effort to resolve the multiplicity for the ring junction protons in the 1 H NMR spectrum of elatenyne, a variation of the standard HSQC NMR experiment that allows for the splitting patterns ( 3 J HH coupling values) of overlapping protons to be deduced was carried out [8, 9] . Experimentally, a HSQC experiment is set up with the absence of 13 C decoupling and with an acquisition time of approximately 1 second. This extended acquisition time allows for increased resolution in the F 2 dimension, which allows for the measurement of 3 J HH values. Turning off the 13 C decoupler removes the strong coupling normally observed between the two overlapping protons. It is important for the overlapping protons to be adjoined to two resolved carbons for this experiment to be successful. This variation of the HSQC NMR experiment ( Figure 3) showed that the splitting pattern of the two overlapping ring junction protons (in C 6 D 6 ) were in fact doublets of triplets with coupling constants of 7.5 and 6.5 Hz for the position 9 proton and 7.0 and 6.5 Hz for the position 10 proton. These coupling constants were compared with those for the ring junction protons in nortoryne (8), for which the absolute configuration had been established [7] . This enabled an axial-equatorial relationship for the ring junction protons in elatenyne to be concluded.
Single irradiation 1D nOe NMR experiments were then carried out and enhancements from the four key 1 H NMR resonances (positions 6, 7, 12, 13) were studied closely in an effort to deduce a possible favored diastereoisomer. It was evident that certain 1 H NMR chemical shifts were overlapped in either C 6 D 6 or DMSO-d 6 . Therefore, both sets of 1 H NMR data obtained in each solvent were closely examined. In C 6 D 6 the protons at positions 6 and 7 ( 4.06 and 3.66, respectively) on one side of the molecule showed an nOe NMR enhancement with the proton at position 9 (δ 3.86) confirming that these protons are positioned on the same face of the molecule. Similarly in DMSO-d 6 , the protons at positions 12 and 13 ( 4.24 and 3.91, respectively) also showed a nOe NMR enhancement with the proton at position 10 (δ 4.11), confirming that these protons also all lie in the same orientation. The nOe NMR enhancement observed from the position 13 proton at  3.91 to the ring junction proton at position 10 ( 4.11) in DMSO-d 6 was crucial for establishing the relative configuration of the left hand side of the structure of elatenyne. In CDCl 3 this nOe NMR enhancement could not be observed due to the close proximity of the position 13 and 10 proton chemical shifts at  3.89 and 3.86, respectively. These nOe NMR enhancements, together with the axial-equatorial orientation of the ring junction protons established from the variant HSQC NMR experiment, were able to conclude two likely diastereoisomers (9 and 10) for elatenyne ( Figure 4) . These diastereoisomers are different from the proposed absolute configuration of elatenyne (3), as well to the other three most likely diastereoisomers that have been recently proposed (4-6) [4, 5] . The nOe NMR enhancements observed were able to rule out the other proposed diastereoisomers when bond distances were also considered. Following the proposal of the relative configurations of elatenyne, Circular Dichroism (CD) analysis was also carried out. No closely related model compounds with CD spectra could be sourced from the literature, which prevented any comparison and possible absolute configuration being proposed. Despite this, the CD spectrum of elatenyne was recorded in ethanol in order to document it for future reference. This was deemed to be particularly important as a means of comparison for when the absolute configuration of natural elatenyne might be established. Attempts to crystallize elatenyne for possible X-ray diffraction analysis were also carried out using various methods and solvents; however, none was successful. It was rationalized that a chemical derivatization of elatenyne would be the only method that might aid in crystallization. In the selection of the most appropriate chemical derivatization method for elatenyne, two important criteria were considered. First, the chemical derivatization method must not result in racemization of elatenyne and secondly, the reaction must provide a high recovery. It was concluded that the terminal alkyne was the ideal moiety for derivatization in the structure of elatenyne, as this position would have the lowest probability of altering the absolute configuration. Consultation of the chemical literature indicated that 'Click' chemistry would be an ideal reaction for derivatizing elatenyne. Click' chemistry typically involves reactions between alkynes and azides. A 1,3-dipolar cycloaddition occurs between the alkyne and azide to form a 1,2,3 triazole in the presence of a metal catalyst [10] . Rigid molecular systems or those containing stackable pi systems, typically display the ability to Relative configuration of elatenyne Natural Product Communications Vol. 8 (6) 2013 731 crystallize. Therefore an azide with a terminal aromatic group (11) was selected for the derivatization. The presence of the 1,2,3 triazole, along with the aromatic system, would hopefully increase the chances of crystallization. The reaction of elatenyne with the selected azide is outlined in Figure 5 . The 'Click' reaction was successful in derivatizing elatenyne to produce the 1,2,3 triazole (12). This triazole derivative is new to the scientific literature and was purified and then subjected to 1D and 2D NMR spectroscopic (Table 2) and mass spectrometric analyses. Single irradiation nOe NMR enhancement experiments were also carried out on key selected protons at positions 6, 7, 12 and 13 in order to confirm that the derivatization process did not alter the relative configuration of the original elatenyne structure. On the basis of the nOe NMR enhancements and coupling constants observed, it was concluded that the relative configuration of the derivative had not changed from that of elatenyne. Specific rotations of the triazole derivative were recorded at 589 and 365 nm. The specific rotations were recorded as 0º and +16.4° at 589 and 365 nm, respectively. This meant that although the magnitude of the specific rotation remained consistent with that observed for elatenyne, the sign of the optical rotation had changed at the mercury wavelength. Although the triazole was purified by HPLC, NMR spectroscopy clearly showed the presence of an unknown minor impurity. For a compound such as elatenyne that is known to have such a small optical rotation, any impurity present is expected to drastically effect the optical rotation measurement, as was observed with the triazole derivative. Attempts to crystallize the triazole were unsuccessful. A range of solvents and crystallization methods were investigated, but each attempt resulted in the recovery of an amorphous solid.
Concluding remarks:
Two relative configurations of natural elatenyne were tentatively proposed on the basis of a range of NMR spectroscopic experiments. Attempts to ascertain the absolute configuration of elatenyne via crystallization were not fruitful. However, the first application of 'Click' chemistry to a marine natural product was implemented, resulting in a new structural derivative. The concluded relative configurations of naturally occurring elatenyne are not in accordance with the proposed absolute configuration, nor with the four likely relative configurations of elatenyne recently proposed. Since the possible diastereoisomers of elatenyne do not show distinct chemical shift differences in their NMR spectra, this makes it difficult to establish the relative configuration unequivocally for naturally occurring elatenyne by either synthetic or computational methods. Ultimately the absolute configuration of elatenyne should be secured by X-ray crystallography on a suitable derivative. 
Experimental
General: For detailed information on the general experimental procedures please see references [6, 11] . 1D and 2D NMR, 500 MHz Varian INOVA NMR; CD, Jasco J-815 spectrometer in ethanol over a range of 200-600 nm using 3 accumulations.
Isolation and purification of elatenyne from L. elata: For details regarding the fractionation and subsequent purification of elatenyne (2) (7.1mg, 0.14%) see reference [6] (% based on the mass of the dried weight of the marine alga).
Derivatization of elatenyne: Elatenyne (7.1 mg), DMSO (1.7 mL) and deionised water (850 µL) were placed into a vial. 2-azido-Nphenylacetamide (9.8 mg) was then dissolved in DMSO (1015 µL) and 500 µL of this solution was added to the vial containing elatenyne, together with ascorbic acid (5.7 mg), CuSO 4 (4.0 mg) and additional deionised water (255 µL). The reaction was stirred for 2 days after which time the 1,2,3 triazole (90% yield) was recovered by solvent-solvent extraction (3 x 20 mL of n-hexane) followed by evaporation of n-hexane under reduced pressure.
HPLC purification of the 1,2,3 triazole (4,4'-dibromo-5-ethyl-5'-((Z)-pent-2-en-4-ynyl)octahydro[2,2']-bifuran) (12):
Following the derivatization of elatenyne, semi-preparative HPLC was carried out to purify the triazole from the remaining excess azide. Reversed phased semi-preparative HPLC was carried out on a Dionex P680 (solvent delivery module) equipped with a Dionex UVD340U PDA detector and a Foxy Jr. automated fraction collector. An isocratic method (75% CH 3 CN/H 2 O) was employed using a Phenomenex Luna (2) 100 Å C 18 250 x 10 mm (5 µm) column. The automatic fraction collector was programmed to collect the triazole based on the elution time (7.10 min) and peak threshold. This resulted in 5.4 mg of the derivative being recovered.
Elatenyne (2), isolated as a colorless oil, which darkened over time.
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